The phenotype of smooth muscle cells (SMCs) plays an important role in vascular function in health and disease. We investigated the mechanism of modulation of SMC phenotype (from contractile to synthetic) induced by the synergistic action of a growth factor (platelet-derived growth factor, PDGF-BB) and a cytokine (interleukin, IL-1␤). Human aortic SMCs grown on polymerized collagen showed high expression levels of contractile markers (smooth muscle ␣-actin, myosin heavy chain, and calponin). These levels were not significantly affected by PDGF-BB and IL-1␤ individually, but decreased markedly after the combined usage of PDGF-BB and IL-1␤. PDGF͞IL-1␤ costimulation also induced a sustained phosphorylation of Akt and p70 ribosomal S6 kinase (p70S6K). The effects of PDGF͞IL-1␤ costimulation on contractile marker expression and Akt and p70S6K phosphorylation were blocked by the phosphatidylinositol 3-kinase inhibitors wortmannin and LY294002 and by adenovirus expressing a dominant-negative Akt, and they were mimicked by constitutively active Akt. -1ra) , as well as a specific inhibitor of PDGFR-␤ phosphorylation (AG1295); these agents also eliminated the PDGF-BB͞IL-1␤-induced signaling and phenotypic modulation. PDGF-BB͞IL-1␤ inhibited the polymerized collagen-induced serum response factor DNA binding activity in the nucleus, and this effect was mediated by the PDGFR-␤͞IL-1R1 association and phosphatidylinositol 3-kinase͞Akt͞p70S6K pathway. Our findings provide insights into the mechanism of SMC phenotypic modulation from contractile to synthetic, e.g., in atherosclerosis.
The phenotype of smooth muscle cells (SMCs) plays an important role in vascular function in health and disease. We investigated the mechanism of modulation of SMC phenotype (from contractile to synthetic) induced by the synergistic action of a growth factor (platelet-derived growth factor, PDGF-BB) and a cytokine (interleukin, IL-1␤). Human aortic SMCs grown on polymerized collagen showed high expression levels of contractile markers (smooth muscle ␣-actin, myosin heavy chain, and calponin). These levels were not significantly affected by PDGF-BB and IL-1␤ individually, but decreased markedly after the combined usage of PDGF-BB and IL-1␤. PDGF͞IL-1␤ costimulation also induced a sustained phosphorylation of Akt and p70 ribosomal S6 kinase (p70S6K). The effects of PDGF͞IL-1␤ costimulation on contractile marker expression and Akt and p70S6K phosphorylation were blocked by the phosphatidylinositol 3-kinase inhibitors wortmannin and LY294002 and by adenovirus expressing a dominant-negative Akt, and they were mimicked by constitutively active Akt.
PDGF-BB͞ IL-1␤ induced a sustained phosphorylation of PDGF receptor (PDGFR)-␤ and its association with IL-1 receptor (IL-1R1). Such activation and association of receptors were blocked by a PDGFR-␤ neutralizing antibody (AF385)
, an IL-1R1 antagonist (IL-1ra), as well as a specific inhibitor of PDGFR-␤ phosphorylation (AG1295); these agents also eliminated the PDGF-BB͞IL-1␤-induced signaling and phenotypic modulation. PDGF-BB͞IL-1␤ inhibited the polymerized collagen-induced serum response factor DNA binding activity in the nucleus, and this effect was mediated by the PDGFR-␤͞IL-1R1 association and phosphatidylinositol 3-kinase͞Akt͞p70S6K pathway. Our findings provide insights into the mechanism of SMC phenotypic modulation from contractile to synthetic, e.g., in atherosclerosis.
signal transduction ͉ smooth muscle phenotype ͉ Akt ͉ mTOR P henotypic modulation of smooth muscle cells (SMCs) is critical in the regulation of vascular function in health and disease (1) . During the development of atherosclerotic plaques, vascular SMCs change from their physiological contractile phenotype to the pathophysiological synthetic phenotype and migrate into the intima, where they proliferate and produce extracellular matrix (ECM) (1) . Growth factors, inflammatory cytokines, and ECM proteins have been implicated as factors that mediate such a phenotypic change of SMCs (1) . These agonists are capable of stimulating SMCs by binding surface receptors and activating intracellular signaling pathways that ultimately regulate gene expression and cellular function. Understanding the interactions between these agonists may provide insights into the mechanism of phenotypic modulation of SMCs and the pathogenesis and progression of atherosclerosis.
When normal medial SMCs are placed in culture, they lose their contractility and develop features similar to those of synthetic SMCs in blood vessels harboring atherosclerotic lesions (2, 3) . These alterations of SMCs in culture are accompanied by changes in their phenotypic markers, including a loss of expression of contractile markers such as smooth muscle ␣-actin (SM␣-actin), myosin heavy chain (SM-MHC), and calponin (3) . There is recent evidence that SMCs cultured on polymerized collagen retain their contractile phenotype and mimic many of the characteristics of medial SMCs in vivo (3) ; this provides a useful model for studying the mechanisms that control the modulation of SMCs from contractile to synthetic phenotype. Among the many growth factors and cytokines that can contribute to such a phenotypic modulation of SMCs, plateletderived growth factor (PDGF)-BB and IL-1␤ possess the most potent mitogenic and inflammatory effects. PDGF-BB binds to the PDGF receptor (PDGFR)-␤ and subsequently activates several intracellular signaling cascades, including mitogen-activated protein kinases (MAPKs) and phosphatidylinositol 3-kinase͞Akt (PI3K͞Akt), which in turn activates the downstream targets mTOR and p70 ribosomal S6 kinase (p70S6K) (4) . Culturing SMCs on polymerized collagen has been found to inhibit their responsiveness to PDGF-BB (3). In addition to being inflammatory, IL-1␤ can also be mitogenic (5) . When used in combination with PDGF, IL-1␤ has been reported to have inhibitory as well as activating effects on SMC proliferation (6, 7) .
Because SMCs are exposed to both growth factors and cytokines during lesion development, we postulated that these two types of agonists may interplay and exert synergistic effects on phenotypic modulation of SMCs. In this study, we found that PDGF-BB and IL-1␤ were cooperative in inducing phenotypic modulation of human aortic SMCs cultured on polymerized collagen from a contractile toward a synthetic phenotype. This synergistic effect of PDGF-BB and IL-1␤ on SMC phenotypic modulation involves a crosstalk between their corresponding receptors PDGFR-␤ and IL-1 receptor (IL-1R1) and is mediated through the PI3K͞Akt͞ p70S6K signaling pathway. This study presents evidence for a mechanism of signal regulation in which growth factors and cytokines act synergistically through the interaction of their receptors to induce phenotypic modulation of SMCs. The levels of expression of contractile marker proteins SM␣-actin, SM-MHC, and calponin were higher in SMCs grown on polymerized collagen than those grown on monomeric collagen, over the 96-h period tested (Fig. 1A) . Concomitantly, the level of expression of the synthetic marker vimentin was lower in SMCs on polymerized collagen than those on monomeric collagen (Fig. 9A , which is published as supporting information on the PNAS web site). Treatments of SMCs on polymerized collagen with PDGF-BB (25 ng͞ml) or IL-1␤ (10 ng͞ml) individually for 24 or 48 h did not alter the expressions of the contractile marker proteins or the synthetic marker. However, the combined usage of these two agents (PDGF-BB͞IL-1␤ costimulation) markedly inhibited the expressions of the contractile marker proteins (Fig. 1B) and markedly increased the expression of the synthetic marker vimentin (Fig. 9B ). This contractile-to-synthetic phenotype modulation of SMCs by PDGF-BB͞ IL-1␤ was substantiated by the BrdUrd incorporation and flow cytometric assays, which showed that PDGF-BB͞IL-1␤ costimulation resulted in an increase in the percentage of SMCs (on polymerized collagen) in the synthetic phase as compared with the unstimulated control (Supporting Text and Fig. 10 , which are published as supporting information on the PNAS web site). In additional experiments, after 24 h of PDGF-BB͞IL-1␤ costimulation, we replaced the medium with one that did not contain these agonists; another 24 h later, their contractile and synthetic marker protein expressions rose and fell, respectively, to become similar to those in the untreated controls (Fig. 11 , which is published as supporting information on the PNAS web site), indicating that the phenotypic modulation by PDGF-BB͞IL-1␤ is reversible.
PDGF-BB͞IL-1␤-Induced Phenotypic Modulation of SMCs on Polymer-
ized Collagen Is Mediated by the PI3K͞Akt͞p70S6K Pathway. The PI3K͞Akt͞p70S6K pathway has been shown to regulate a number of cellular processes, including cell cycle progression and proliferation (8) . IL-1␤ alone had no effect on Akt phosphorylation; PDGF-BB alone induced a transient increase in Akt phosphorylation, reaching a maximal level within 30 min and then declining to nearly the basal level within 4 h ( Fig. 2A) . However, PDGF-BB͞IL-1␤ costimulation induced a sustained increase in Akt phosphorylation throughout the 48-h period tested. Phosphorylation of p70S6K was not affected by individual treatments with PDGF-BB or IL-1␤, but was markedly enhanced by PDGF-BB͞IL-1␤ costimulation (Fig. 2B ). Wortmannin (200 nM) and LY294002 (30 M), two specific inhibitors of PI3K, eliminated the PDGF-BB͞IL-1␤-induced phosphorylation of Akt (Fig. 3A) and p70S6K ( Fig. 3B ) and down-regulation of contractile marker proteins in SMCs on polymerized collagen (Fig. 3B ). In contrast, rapamycin (50 nM), a specific inhibitor of mTOR, inhibited the PDGF-BB͞IL-1␤-induced phosphorylation of p70S6K, but not Akt, and elevated the contractile marker protein expressions (Fig. 12 , which is published as supporting information on the PNAS web site). SMCs on polymerized collagen infected with adenovirus expressing the dominant-negative Akt before PDGF-BB͞IL-1␤ costimulation abrogated the PDGF-BB͞IL-1␤-induced increases in p70S6K phosphorylation and decreases in contractile marker protein expressions (Fig. 4A) . Furthermore, the SMCs expressing constitutively active myristoylated Akt mimicked the synergistic effects of PDGF-BB͞ IL-1␤ (in the absence of this costimulation) in increasing p70S6K phosphorylation and decreasing contractile marker protein expressions in comparison to the control infected cells (Fig. 4B) . These results indicate that Akt is necessary and sufficient for these synergistic effects of PDGF-BB͞IL-1␤.
PDGF-BB͞IL-1␤ Induce a Sustained Phosphorylation of PDGFR-␤ and
Its Association with IL-1R1 in SMCs on Polymerized Collagen. Our results on sustained activation of Akt by PDGF-BB͞IL-1␤, but not either alone, suggest that PDGF-BB͞IL-1␤ may exert synergistic effects on tyrosine kinase phosphorylation of PDGFR-␤, which has been shown to form complexes with PI3K to activate the PI3K͞Akt signaling pathway (9) . We tested whether costimulation of SMCs on polymerized collagen with PDGF-BB and IL-1␤ induces phosphorylation of PDGFR-␤ and its association with IL-1R1. PDGF-BB alone induced a transient phosphorylation of PDGFR-␤ in SMCs on polymerized collagen; IL-1␤ alone did not have any effect (Fig. 5A) . Costimulation with PDGF-BB and IL-1␤ induced a sustained phosphorylation of PDGFR-␤ over the 24-h period tested. This sustained phosphorylation of PDGFR-␤ was eliminated by pretreating the cells with an IL-1R1 antagonist IL-1ra (Fig. 13 , which is published as supporting information on the PNAS web site), suggesting that the effect of IL-1␤ was mediated by binding to IL-1R1. To obtain evidence for the association of PDGFR-␤ and IL-1R1, we immunoprecipitated IL-1R1 from membrane preparations of the PDGF-BB͞IL-1␤-treated cells and probed for the presence of PDGFR-␤ in the immunoprecipitates with an anti-PDGFR-␤ antibody. Costimulation with PDGF-BB͞IL-1␤ induced a rapid association between PDGFR-␤ and IL-1R1 within 10 min, and this association remained for at least 24 h (Fig. 5B) . In contrast, we did not observed association of these receptors in unstimulated cells or in cells stimulated with PDGF-BB or IL-1␤ alone (Fig. 14, which is published as supporting information on the PNAS web site). The association between the receptors after costimulation with PDGF-BB͞IL-1␤ was further confirmed by performing immunoprecipitation of the membrane preparations of the PDGF-BB͞IL-1␤-treated cells with an anti-PDGFR-␤ antibody followed by detection of IL-1R1 in the immunoprecipitates by using an anti-IL-1R1 antibody (data not shown). To test whether sustained phosphorylation of PDGFR-␤ and its association with IL-1R1 are essential elements in the PDGF-BB͞ IL-1␤-induced signaling and phenotypic modulation, we performed the following experiments on SMCs on polymerized collagen. Pretreatment with a neutralizing antibody against PDGFR-␤ (AF385, 20 g͞ml), an antagonist of IL-1R1 (IL-1ra, 10 g͞ml), or a specific inhibitor of PDGFR-␤ phosphorylation (AG1295, 10 M) for 1 h before the addition of PDGF-BB͞IL-1␤ abolished the PDGF-BB͞IL-1␤-induced PDGFR-␤͞IL-1R1 association (Fig.  6A ) and PDGFR-␤ phosphorylation (Fig. 6B ), which were observed in the control cells pretreated with DMSO or isotypematched IgG. Plotting of the time course of Akt phosphorylation in these costimulated cells (Fig. 6C) shows that AF385 and AG1295 caused complete inhibition at all time points over the 48-h period studied, but the cells pretreated with IL-1ra showed a transient increase in Akt phosphorylation. Thus, the effects of blocking IL-1␤ with PDGF-BB͞IL-1␤ costimulation yielded the same result as the use of PDGF-BB alone (Fig. 2 A) . Pretreatments with AF385, IL-1ra, or AG1295 abolished the PDGF-BB͞IL-1␤-induced p70S6K phosphorylation at 24 and 48 h (Fig. 6D) , which was accompanied by increases in the expressions of contractile marker proteins; these changes are to be contrasted with the results on control cells pretreated with DMSO or isotype-matched IgG (Fig. 6D) . (1) . We thus investigated whether PDGF-BB͞IL-1␤ can modulate SRF-DNA binding activity in the nucleus of SMCs cultured on polymerized collagen. We performed EMSA by using the nuclear protein extracts from the conditioned SMCs and the oligonucleotide-containing sequence between Ϫ97 and Ϫ76 of the SM-MHC promoter as a probe. This sequence of the SM-MHC promoter contains one CArG box (5Ј-CCATAT-TATGG-3Ј) located at Ϫ91. SMCs grown on polymerized collagen for 24, 48, 72, and 96 h showed a sustained increase in SRF-DNA binding activity in the nucleus in comparison to the cells on monomeric collagen (Fig. 7A) . PDGF-BB͞IL-1␤ costimulation inhibited this polymerized collagen-induced binding activity; this inhibitory effect was eliminated by pretreating the cells with AF385, IL-1ra, AG1295, wortmannin, LY294002, or rapamycin (Fig. 7B) , suggesting that the PDGFR-␤͞IL-1R1 association and PDGFR-␤ phosphorylation modulate the transcriptional activation of the contractile marker proteins via the PI3K͞Akt͞p70S6K pathway. The specificity of this binding for SRF was substantiated by its abolition by coincubation of nuclear proteins with 20-fold unlabeled oligonucleotides and by the supershifting in gel mobility of the SRF-oligonucleotide complex after preincubating nuclear proteins with an antibody to SRF (Fig. 7C) .
PDGF-BB͞IL-1␤ Inhibited

Discussion
The present study has characterized a novel mechanism (summarized in Fig. 8 ) by which PDGF-BB and IL-1␤ play a synergistic role in phenotypic modulation (from a contractile toward a synthetic state) of human aortic SMCs grown on polymerized collagen, characterized by decreases in the expression of contractile phenotypic markers SM␣-actin, SM-MHC, and calponin, and an increase in the expression of synthetic phenotypic marker vimentin, as well as cell proliferation. Several lines of evidence indicate that this synergistic effect of PDGF-BB͞IL-1␤ on SMC phenotypic modulation was mediated by the sustained phosphorylation of PDGFR-␤ and its association with IL-1R1 and through the PI3K͞Akt͞p70S6K pathway. First, PDGF-BB͞IL-1␤ costimulation, but not their separate stimulations, inhibited the polymerized collagen-induced SM␣-actin, SM-MHC, and calponin protein expressions, but increased vimentin expression. Second, PDGF-BB͞IL-1␤ costimulation of SMCs on polymerized collagen induced sustained phosphorylation of Akt and p70S6K. This sustained increase in phosphorylation was abolished by the PI3K inhibitors wortmannin and LY294002, which consequently increased the contractile marker protein expression. Moreover, the mTOR inhibitor rapamycin also eliminated the effect of PDGF-BB͞IL-1␤ on p70S6K and marker protein expression. Third, adenovirus with dominantnegative Akt abolished the PDGF-BB͞IL-1␤-induced increases in p70S6K phosphorylation and decreases in contractile marker protein expressions. Complementary results were obtained showing . PDGF-BB͞IL-1␤ inhibited polymerized collagen-induced SRF-DNA binding activity in SMCs through PDGFR-␤͞IL-1R1 association and the PI3K͞ Akt͞p70S6K pathway. SMCs were cultured on polymerized collagen for 24, 48, 72, and 96 h (P24, P48, P72, and P96, respectively). SMCs cultured on monomeric collagen for 48 h were used as control (MC). SMCs were cultured on polymerized collagen for 48 h, and then costimulated with PDGF-BB and IL-1␤ for 24 h (P48ϩPDGFϩIL24) or 48 h (P48ϩPDGFϩIL48) (A). In parallel experiments, SMCs were pretreated with wortmannin (P48ϩWort48), LY294002 (P48ϩLY48), rapamycin (P48ϩRap48), IL-1ra (P48ϩra48), AG1295 (P48ϩAG48), AF385 (P48ϩAF48), DMSO (P48ϩDMSO48), or IgG (P48ϩIgG48) for 1 h before costimulation with PDGF-BB͞IL-1␤ for 48 h in the presence of these pretreatment reagents (B). Total nuclear extracts were prepared and analyzed by EMSA using a 32 P-labeled oligonucleotide probe containing the CArG (CC[A͞T]6GG) box, which serves as a binding site for SRF. The specificity of the retarded complexes (SRF) was assessed by preincubating the nuclear extracts either with excess unlabeled oligonucleotides containing SRF binding sequences as a competitor (P48 ϩ 20ϫ) or with SRF antibodies (1 g) (P48 ϩ Ab) (C). EMSA analyzed from nuclear extracts preincubated with the SRF antibody shows a super shift band (SH). 32 P-labeled oligonucleotide probe incubated with reaction buffer only was used as a negative control (B). Results are representative of triplicate experiments with similar results.
that constitutively active Akt mimicked the effect of PDGF-BB͞ IL-1␤ on p70S6K and contractile marker protein expressions. Fourth, PDGF-BB͞IL-1␤ induced a sustained phosphorylation of PDGFR-␤ and its association with IL-1R1. These effects on receptor association and activation were abolished by a PDGFR-␤ neutralizing antibody (i.e., AF385), an IL-1R1 antagonist (i.e., IL-1ra), and a specific inhibitor of PDGFR-␤ phosphorylation (i.e., AG1295), which also abrogated the PDGF-BB͞IL-1␤-mediated signaling and contractile marker protein expression. Finally, PDGF-BB͞IL-1␤ inhibited the polymerized collagen-induced SRF-DNA binding activity, and this effect was eliminated by AF385, IL-1ra, AG1295, wortmannin, LY294002, and rapamycin.
Because of the lack of a primary culture system for SMCs or SMC-derived cell lines in which they can maintain fully contractile phenotype, the factors or signaling pathways regulating the phenotypic modulation of SMCs from a contractile to a synthetic state had not been characterized. By culturing SMCs on polymerized collagen that promotes the maintenance of SMC contractile phenotype (2, 3), we have been able to elucidate the factors that signal and control the modulation of SMCs from contractile toward synthetic phenotype. The results from the present study may provide insights into the mechanisms regulating progression of disorders involving vascular smooth muscle, e.g., atherosclerosis.
It has been reported that PDGF-BB-activated PDGFR-␤ can be coupled to several downstream intracellular signaling molecules, including PI3K (9) , to initiate a series of events culminating in changes in SMC function (4) . However, recent studies have shown that SMCs cultured on polymerized collagen significantly attenuate their PDGF-BB-responsiveness (3). We found that PDGF-BB alone induced only a transient activation of PDGFR-␤ and Akt in SMCs on polymerized collagen, and it did not activate p70S6K and modulate SMC marker protein expression. However, PDGF-BB͞ IL-1␤ costimulation induced sustained activations of PDGFR-␤ and Akt, followed by the activation of p70S6K and the downregulation of contractile marker protein expressions. The blockade of Akt activation by AG1295 and AF385 (data not shown) indicate that PDGFR-␤ plays a role. The effect of IL-1␤ is mediated by binding to IL-1R1, as demonstrated by the inhibitory effect of IL-1ra on PDGF-BB͞IL-1␤-mediated activation of PDGFR-␤͞ Akt͞p70S6K and expression of contractile marker proteins.
Our present study has provided direct evidence for a synergism between PDGF-BB and IL-1␤ based on the PDGFR-␤ and IL-1R1 receptor͞receptor interactions. This is a true synergism rather than the summation of the effects of submaximal doses of PDGF-BB and IL-1␤, because IL-1␤ was effective in eliciting these effects at saturating concentrations of PDGF-BB, which by itself was not able to do so (data not shown). The results obtained from coimmunoprecipitation and Western blotting experiments using membrane preparations of the PDGF-BB͞IL-1␤-treated cells demonstrated that PDGFR-␤ and IL-1R1 can form heteromeric complexes on the cell membrane. It remains to be resolved whether PDGFR-␤ and IL-1R1 are physically associated by means of direct protein-protein interactions (heterodimers) or they are linked by additional cytosolic adaptor proteins, such as c-Src, which has recently been shown to be involved in the coupling between PDGFR-␤ and G proteincoupled receptors (10) .
The existence of PDGFR-␤͞IL-1R1 heteromeric complex provides the possibility for close crosstalk between PDGFR-␤ and IL-1R1, which may synchronize PDGFR-␤ and IL-1R1 activation to produce synergistic effects at the levels of downstream signaling pathway and gene expression. The mechanisms underlying the synergistic effects of PDGF-BB͞IL-1␤ remain to be determined. Sustained association between PDGFR-␤ and IL-1R1 induced by PDGF-BB͞IL-1␤ may contribute to sustained phosphorylation of PDGFR-␤, which subsequently induced sustained activations of Akt and p70S6K. This idea is supported by the report that receptor pairs such as hepatocyte growth factor receptor c-Met and epidermal growth factor receptor can associate on the cell membrane and that this association facilitates c-Met phosphorylation (11) . Our finding that the sustained association between PDGFR-␤ and IL-1R1 was blocked by the specific inhibitor of PDGFR-␤ phosphorylation (i.e., AG1295) suggests that the sustained phosphorylation of PDGFR-␤ plays a role in the maintenance of its association with IL-1R1. Both PDGFR-␤ neutralizing antibody AF385 and IL-1R1-specific antagonist IL-1ra abrogated the PDGF-BB͞IL-1␤-induced signaling and phenotypic modulation, indicating that association between PDGFR-␤ and IL-1R1 is essential for PDGF-BB and IL-1␤ to produce synergistic effects.
The mechanisms underlying sustained phosphorylation of PDGFR-␤ and its association with IL-1R1 in response to PDGF-BB͞IL-1␤ remain to be resolved. Growth-promoting effects of IL-1 on PDGF-BB-stimulated SMCs have recently been ascribed to the expression of PDGF-AA (12, 13) . Our recent data that blockage of PDGFR-␣, the sole PDGFR for PDGF-AA, has no effect on the synergism between IL-1␤ and PDGF-BB indicates that PDGF-AA does not play a role here (data not shown). One possible mechanism is through inhibition of regulating protein phosphotyrosine phosphatases (PTPs). A recent study by Chiarugi et al. (14) demonstrated that inhibition of PTPs upon PDGF-BB stimulation results in an increase in PDGFR-␤ phosphorylation and PI3K recruitment. They also showed that tyrosine phosphorylation of PDGFR-␤ is a long-lasting phenomenon; it reaches a maximal level 10 min after the receptor stimulation, and then declines but remains at an elevated level for up to at least 9 h. However, the long-lasting PDGFR-␤ phosphorylation was inhibited by the activation of PTPs. The inactivation of a redox-sensitive PTPs by IL-1␤ in cells has been reported (15) . It is possible that costimulating PDGF-BB-treated cells with IL-1␤ inhibited the activation of regulating PTPs, thereby mediating the dynamic properties of PDGFR-␤ tyrosine phosphorylation and signaling.
The binding of SRF, a MADs box protein, to CArG boxes in the SMC promoters has been recognized to be critical in mediating transcription activation of contractile phenotypic marker genes (1). Our results from EMSA using the consensus oligonucleotides containing CArG box showed that SMCs cultured on polymerized collagen had higher levels of SRF-DNA binding activity than the cells cultured on monomeric collagen. PDGF-BB͞IL-1␤ abolished this polymerized collagen-induced SRF-DNA-binding activity. AF385, IL-1ra, AG1295, wortmannin, LY294002, and rapamycin eliminated the PDGF-BB͞IL-1␤-mediated inhibition in SRF-DNA-binding activity, demonstrating the importance of sustained phosphorylation of PDGFR-␤ and its association with IL-1R1, as well as the PI3K͞Akt͞p70S6K pathway, in the inhibitory effect of PDGF-BB͞IL-1␤ on SRF-DNA-binding activity in SMCs on polymerized collagen. These findings provide a mechanism that integrates signaling pathway from PDGFR-␤͞IL-1R1 receptor interaction through PI3K͞Akt͞p70S6K to the SRF-dependent gene transcription in SMCs during their phenotypic modulation from contractile to synthetic state.
In summary, our present study demonstrated that PDGF-BB and IL-1␤ exert synergistic effects on modulating the phenotype of SMCs cultured on polymerized collagen through the PDGFR-␤͞ IL-1R1 receptor interaction and the PI3K͞Akt͞p70S6K pathway. Our findings provide a molecular basis for mechanisms contributing to function of smooth muscle in health and its disorders in the progression of diseases such as atherosclerosis, where mitogenic and inflammatory stimuli are concurrently generated.
